Waste money bills (WMB) is a by-product of the money making process that consists of rich-cellulosic material for many biotechnological applications. This waste money bills is unusable and usually exhausted. Saccharification was improved using various concentrations of sodium hydroxide, NaOH (0.0, 0.5, 1.0, 2.0, 2.5, and 3.0% v/v) and various reaction times (20, 30, and 40 min) during pretreatment at 121 C. Prior to ethanol fermentation, the highest glucose yield (62.2 mg/mL) was found by pretreatment consisting of 30 min at 2.0% NaOH, and it increased 33.8% as compared to an untreated sample. The highest amount of ethanol was obtained (26.1 mg/mL) during fermentation, and this was increased 95.3 and 22.5% as compared to aerobic and anaerobic conditions respectively during pretreatment with 2.0% NaOH for 30 min. Under anaerobic conditions, ethanol fermentation was enhanced by adding 0.4 mmol benzoic acid. Production of ethanol from waste money bills would cut waste management costs and make profitable.
The use of biofuels for transport is becoming of increasing importance for a number of reasons, including environmental concerns relating to climate change, depletion of fossil fuel reserves, and reduction of reliance on imports. 1, 2) In response to these challenges, the development of fuel-ethanol from non-food plant materials has been undergoing an intensified period of research, development and industrialization. [3] [4] [5] Research involving ethanol production from lignocellulosic waste materials has included crop residues, 6, 7) municipal solid waste, 8, 9) forest products industry wastes, 10, 11) leaf and yard waste, 12) and municipal sludge 13) but these waste materials are difficult to convert into useful products due to their complex polymeric structure, requiring multidisciplinary approaches to achieve benefit. 14) The feasibility of using these materials as bioethanol feedstocks has been reviewed. 15) Many of these wastes can provide an excellent quality substrate for ethanol fermentation. For instance, waste paper sludge from the wood pulping and papermaking industries contains large quantities of short cellulose fibers that have not been used completely 16, 17) but conventional these residues are discarded by incineration or landfill, resulting in substantial financial burdens. 18) Every year, huge amounts of WMB are generated in the Republic of Korea because of their low banknote value. In 2006, 1,509 tons WMB was produced and 1,968 USD was spent on checking. Moreover, 2,912 tons WMB sample was generated in 2011 and 2,605 USD was spent on checking. Approximately 2,357 tons of WMB are incinerated every year, and this has doubled in the last 5 years. For instance, 203,483 USD was spent on incineration and landfill in the last 3 years. 19) In the USA, annually a cost of about 500 million USD is associated with the management of WMB. 20) A similar situation can be assumed for many other countries.
Biochemically, WMB consists mainly of cotton fibers, and about 95% cellulose and almost no lignin is present. 21) It has a well-dispersed structure and a huge surface area. Since the management of WMB is associated with extra expenditure, any industrial utilization of these materials would be eco-friendly and profitable. Above these considerations, it might be an excellent source for ethanol fermentation. This is the first report on the production of ethanol from WMB.
Materials and Methods
Substrate, enzymes, and yeast strain. A WMB sample was obtained from the Korea Minting and Security Printing Corporation, Daejeon, Republic of Korea. The sample was immersed in 1.2% sodium hypochlorite (NaClO) for 5 min and washed with distilled water (dH 2 O). Finally, it was disinfected with 70% ethanol for 5 min and washed with sterilized dH 2 O. It was an oven-dried at 105 C overnight, pulverized using a blender, sieved to a maximum particle size of 220 meshes (i.e., particle size 0:065 mm), and stored in a desiccator at room temperature until use. Celluclast Ò 1.5 L (cellulase from Trichoderma reesei, ATCC 26921, product no. C2730) and novozyme Ò 188 (cellobiase from Aspergillus niger, product no. C6105) were purchased from SigmaAldrich Corporation, Saint Louis, USA. Yeast strain Saccharomyces cerevisiae KCCM 11304 was purchased from the Korean Culture Center of Microorganisms. The yeast culture was grown in yeast and mold (YM) broth medium (0.5% peptone, 1.0% dextrose, 0.3% yeast y To whom correspondence should be addressed. Tel: +82-55-772-1863; Fax: +82-55-772-1869; E-mail: jameskim@gnu.ac.kr Biosci. Biotechnol. Biochem., 77 (7), 1397-1402, 2013 extract, and 0.3% malt extract) at 30 C on a rotary shaker at 120 rpm for 48 h for use in fermentation. The medium pH was adjusted to 7:0 AE 0:2 with 0.1 N HCl or 0.1 M NaOH solution.
Pretreatment of WMB with sodium hydroxide (NaOH). Prior to enzymatic hydrolysis and subsequent ethanol fermentation by yeast, WMB was pretreated using various concentrations of NaOH (0.0, 0.5, 1.0, 2.0, 2.5, and 3.0%) at various reaction times (20, 30 , and 40 min). Pretreatment caused structural changes in WMB, which was helpful in enzymatic reactions releasing glucose. In a previous study, pretreatment of textile components by diluted NaOH improved their digestibility and the best results were obtained. 22) Alkaline pretreatment processes utilize lower temperature and pressure and thus result in less sugar degradation than acid pretreatment. 23) Hence pretreatment was conducted in a 250-mL conical flask containing 2 g of WMB and 100 mL of diluted NaOH. We tested various concentrations of NaOH (0.0, 0.5, 1.0, 2.0, 2.5, and 3.0%) and various reaction times (20, 30, and 40 min) in an autoclave at 121 C. After pretreatment, the pretreated mixtures were filtrated through filter paper (Whatman filter, Hyundai Micro Co., Ltd., Korea) using a Buchner filter funnel, and washed with distilled water on the filter paper. The sample was dried in an oven at 105 C for 24 h and used for saccharification.
Enzymatic hydrolysis of pretreated WMB with enzymes. Enzymatic hydrolysis was carried out in 100-mL Erlenmeyer flasks maintained at 50 C at 150 rpm for 72 h by a shaking incubator (Model NB-205Q, n-Biotek, Bucheon-Si, Korea). 24, 25) Saccharification was conducted with 0.1 M sodium citrate buffer (pH 4.8, adjusted with 0.1 N HCl or 0.1 M NaOH). Fifty mL of reaction mixture contained 1 g of pretreated WMB, 400 mL of celluclast 1.5 L, and 200 mL of novozyme 188 in a 100-mL Erlenmeyer flask. Additionally, 12 mg of sodium azide was added to the mixture to inhibit microbial growth. 24, 26) Each 100 mL of Celluclast Ò 1.5 L and Novozyme Ò 188 contained 84 units of cellulase and 30 units of cellobiase (-glucosidase) respectively. One unit (U) of enzyme activity was defined as the amount of enzyme that produces 1 mmole of reducing sugar as glucose in the reaction mixture per min under standard assay conditions. Untreated WMB was also used as control for saccharification. After the hydrolysis time elapsed, the flasks were immediately transferred to an ice bath to avoid further reaction. The hydrolysate was obtained by centrifugation at 3,500 rpm for 20 min, and the supernatant was filtrated with Whatman filter paper and stored at À80 C for subsequent sugar analysis.
Fermentation of hydrolysate. Fermentation was carried out using the liquid portion of the hydrolysate after separating it from the solids. In a total working volume of 8 mL, the saccharified samples contained one loopful of yeast cells suspended in 1 mL of YM medium 27) in 20-mL glass vials at 30 C for 96 h at 120 rpm. Cultivation was conducted under both aerobic and anaerobic conditions. In addition, the media were supplemented with 0.4 mmol of benzoic acid. Anaerobic conditions were created by nitrogen flushing of the culture vessels. The sample pH was adjusted to 6.5 with 0.1 N HCl or 0.1 M NaOH before fermentation.
10) The overall procedure for saccharification and fermentation of NaOH-pretreated WMB for glucose and subsequent ethanol production is shown in Supplemental Fig. 1 ; see Biosci. Biotechnol. Biochem. Web site.
Cellulose analysis and determination of moisture content. Cellulose levels in WMB was measured in a 250-mL beaker containing 5 g of WMB and 75 mL of 17.5% NaOH at 25 AE 2 C and this was rinsed with 25 mL of 17.5% NaOH. After 30 min, 100 mL of distilled water was added and this was stirred thoroughly with a rod in a water bath at 25 AE 2 C. At the end of 60-min period, this was transferred to a filtering funnel, and then we collected about 100 mL of the clean filtrate. A 250-mL flask containing 25 mL of the filtrate and 10 mL of 0.5 N potassium dichromate solutions was taken. While swirling the flask, we added 30-50 mL of concentrated H 2 SO 4 . After 15 min, we added 50 mL of water to room temperature and then added 2-4 drops of ferroin indicator and titrated the solution with 0.1 N ferrous ammonium sulfate to a purple color. Finally, a blank titration was made by substituting the filtrate with 12.5 mL of 17.5% NaOH and 12.5 mL of water.
21) The recovery percentage for cellulose was calculated using the following formula:
where V 1 is the titration of the filtrate in mL; V 2 is the blank titration in mL; N is the exact normality of the ferrous ammonium sulfate solution; A is the volume of the filtrate used in oxidation in mL and W is the oven-dry weight of the sample g. The moisture levels in WMB samples were measured using an IR-30 infrared moisture analyzer (Denver Instrument GmbH, Goettingen, Germany).
X-Ray diffraction (XRD) analysis. The samples were examined using an X-ray diffractometer (Brucker D8 Advance, Karlsruhe, Germany) with Cu K1 radiation (k ¼ 1:5418 Å ). The operational voltage and current were maintained at 40 kV and 40 mA respectively. The 2 theta (2) range was from 5 to 30 in steps of 0.02 at a time interval of 0.4 s. The biomass crystallinity index (CrI) was defined as the percentage of crystalline material in the biomass, and this was calculated according to the following equation. 28) CrIð%Þ ¼ ½ðI 002 À I am Þ=I 002 Ã 100
where CrI is the crystallinity index, I 002 is the maximum intensity of the 002 peak at 2 ¼ 22:53
, and I am is the intensity at 2 ¼ 18:48 .
High-performance liquid chromatography (HPLC) and gas chromatography (GC) analysis. Samples were filtered through a 0.20-mm syringe filter before analysis. Glucose levels were measured by HPLC (Model Agilent 1100 series, Santa Clara CA, USA) using a refractive index detector, RID-1, and a carbohydrate column (Agilent). Acetonitrile (70%) was used as the eluent at a flow rate of 1 mL/min, and the operation temperature was 45 C. The volume of the injected sample for each run was 20 mL. The sample run time was fixed at 20 min, and peaks were detected by RID-1. 29) Ethanol levels were measured by GC (Agilent, Model 6890N) using a flame ionization detector, FID-1, and an HP-5 column (Agilent). The column temperature was raised from 0 C (holding time) to 60 C at a rate of 5 C/min, and from 60 C to 150 C at a rate of 30 C/min. The carrier gas (nitrogen) was 36 mL/min. The split ratio of the injection technique was 1:100. The volume of the injected sample for each run was 1 mL. Peaks were detected by FID-1. 30) All of the contents were reported using external standards for triplicate results.
Statistical analysis. The experiment had a factorial design. Parameters of saccharification and fermentation were statistically analyzed by analysis of variance (ANOVA) and Duncan's multiple range test (DMRT) to determine significant differences (p < 0:05) among group means. Statistical program SAS, version 9.1 (SAS Institute, Cary, NC, USA) was used for statistical analysis.
Results and Discussion
Effects of sodium hydroxide pretreatment Cellulosic materials are hindered by certain structural parameters of the substrate, such as surface area and cellulose crystallinity. 31, 32) Therefore, dilute NaOH treatment of lignocellulosic materials has been found to cause swelling, leading to increases in internal surface area, decreases in the degree of polymerization, decreases in crystallinity, separation of structural linkages between lignin and carbohydrates, and disruption of the lignin structure. 33) Moreover, some of the hydroxyl groups can enter into stronger hydrogen bonds, while others enter into weaker ones, the overall number of the hydroxyl groups entering the strong bonds being lower than in the original untreated samples. This facilitates penetration of NaOH hydrates into the cellulose fibers. 34) A reduction in cellulose crystallinity and an increase in porosity in the pretreatment processes can significantly improve hydrolysis. 35, 36) A resume of the weight losses of WMB during pretreatment with NaOH is presented in Table 1 . After pretreatment, the weights of all samples gradually decreased to 0.5-3.0% of diluted NaOH. An NaOH concentration of WMB lost weight by 12.0% over for 30 min as compared to the untreated sample. On the other hand, when the sample was treated at 3.0% for the same reaction time, it lost 17.5% of its weight as compared to the untreated sample. This result confirmed that the more diluted NaOH removed less of the sample than the concentrated NaOH. Although this process involves significant loss in mass, solvation and saphonication occur in the first reaction because swollen state of the biomass makes it more accessible to enzymes and bacteria. On the other hand, strong alkali creates peeling of end groups, and hence the degradation and decomposition of dissolved polysaccharides are caused mainly by peeling and hydrolytic reactions. 37) Although WMB does not contain any lignin, it contains other compounds such as dye, epoxy, alkyl ketone dimer (AKD), white carbon, surface treatment agent (polyvinyl acetate or PVA), borax, etc. Therefore, pretreatment of WMB by diluted NaOH (0.0, 0.5, 1.0, 2.0, 2.5, and 3.0%) might be helpful to reduce the crystallinity of the cellulose and to promote the saccharification process.
XRD analysis of untreated and pretreated WMB XRD has most widely been used to evaluate the CrI of cellulose and of spectral analysis techniques. CrI was calculated from the height ratio between the intensity of the crystalline peak (I 002 À I am ) and the total intensity (I 002 ) after subtraction of the background signal measured without cellulose. This method changes in the XRD spectra during decrystallization of cotton cellulose by chemical and mechanical methods. 28) There were at least four crystalline peaks, but only the height of the minimum (I am ¼ 18:48
) and the maximum height of the 002 peak (I 002 ¼ 22:53 ) were used in the calculation. As a result of NaOH pretreatment, the hydrogenbond intensity of the cellulose increased (Fig. 1A) .
There are reports that sample pretreatment at higher temperatures resulted in a much softer material that was more amenable to improve the digestibility of corn stem rind than the untreated sample and yielded higher sugar levels upon enzymatic hydrolysis. 38) Hence we also examined pretreatment samples at various concentrations of NaOH in the present study. The CrI value of the untreated WMB was determined to be 94.8%, and this value was increased to 95.4, 96.1, and 98.1% after pretreatment with various concentrations of NaOH (0.5, 1.0, and 2.0%) respectively (Fig. 1B) . It was clear that pretreatment of WMB with increased NaOH concentrations led to a significant increase in CrI as compared with the untreated sample. However, increasing NaOH concentrations from 2.5 to 3.0% significantly decreased the CrI of WMB. It has been reported that increased CrI might be due to degradation and modification of amorphous components. 39) Thus, the increased CrI of the NaOH-pretreated WMB suggests that the cellulose became more exposed. Increased CrI after pretreatment has been observed in many previous investigations. 40) In the present study, the peak height of the graph for WMB increased approximately in proportion to the cellulose content of the biomass. This indicates that cellulose levels were increased for glucose formation in the pretreated solid fraction of WMB.
Effects of enzymatic hydrolysis on NaOH-treated WMB in glucose production
Based on ethanol feasibility studies conducted on WMB, the estimated quantity of glucose that can be produced for subsequent fermentation to ethanol is shown in Supplemental Table 1 (in the Supporting  Information) . We tested pretreated samples for various concentrations of NaOH (0.0, 0.5, 1.0, 2.0, 2.5, and 3.0%) with various reaction times (20, 30 , and 40 min) during pretreatment. The enzymatic hydrolysis yield of the pretreated WMB sample was much higher than that of the untreated WMB, which suggests that pretreatment increased the surface area of the sample and allowed sufficient contact between enzymes and the substrate, which resulted in higher glucose release. It has been also reported that the milling process increased the number of substrates sites susceptible to cellulase on cellulose by baring the cellulose surface, because the initial rate of cellulose hydrolysis was influenced by the number of substrate sites. 41) Our study showed that biomass had an added advantage, increasing saccharification.
The enzymatic digestibility of the untreated and pretreated WMB significantly increased during treatment with various concentrations of NaOH (0.0, 0.5, 1.0, 2.0, 2.5, and 3.0%) for 20, 30, and 40 min. Among the various reaction times, 20 and 40 min of reaction time for 2.0% NaOH showed the most glucose production (55.8 and 56.2 mg/mL) respectively but there was no significant difference in glucose production ( Fig. 2A) . However, pretreatment at 2.0% NaOH for 30 min resulted in the highest amount of glucose (62.2 mg/mL), and this was significantly different from the samples pretreated for 20 and 40 min. Nevertheless, glucose amounts increased 33.8, 25.6, 15.1, 9.5, and 12.8% as compared to 0.0, 0.5, 1.0, 2.5, and 3.0% NaOH concentrations for 30 min respectively. Therefore, a pretreatment time of 30 min for 2.0% NaOH resulted in the highest amount of glucose during saccharification treatment (Fig. 2B) . Pretreatment using 2.0% of NaOH for 30 min at 121 C improved enzymatic digestibility and led to the highest conversion of rice straw to sugars 6.3-fold as compared to control samples. 42, 43) It is clear that the use of NaOH concentrations ranging from 1 to 4% increased glucan from 43.0% (1.0% NaOH, 30 min) to 56.1% (4.0% NaOH, 60 min) in cotton stalk. 44) We noted in our samples treated under similar conditions.
Ethanol fermentation
In order to investigate ethanol fermentation, saccharified WMB from various pretreated samples was used for fermentation with fermenting yeast, S. cerevisiae. Fermentation was carried out under three conditions (aerobic, anaerobic, and anaerobic, with a low concentration of benzoic acid). Among the three conditions, each was significantly different from the others as shown in Fig. 3A . Under the aerobic condition, approximately ethanol yields of 1.1, 1.2, and 1.1 mg/mL were found when WMB samples were treated with 2.0% NaOH for 20, 30, and 40 min respectively, and as for the anaerobic condition, ethanol yield of 19.0, 20.2, and 18.2 mg/mL achieved when samples were treated with 2.0% NaOH for 20, 30, and 40 min respectively (Fig. 3B-D) . Usually under aerobic conditions (oxygen present), yeast cells break down sugars all the way to CO 2 and H 2 O. Under anaerobic conditions (absence of oxygen), yeast cells switch to an alternative pathway and produce ethanol and CO 2 -the end products of this pathway.
Effects of benzoic acid in ethanol fermentation
Under aerobic conditions, no effect of benzoic acid was observed (data not shown) but under the anaerobic condition, a positive effect of benzoic acid was observed. During fermentation with the addition of benzoic acid (0.4 mmol) using pretreated samples of various NaOH concentrations (0.0, 0.5, 1.0, 2.0, 2.5, and 3.0% v/v) at various reactions times (20, 30 , and 40 min), this had a significant effect in ethanol fermentation as compared to the aerobic and anaerobic conditions at 2.0% NaOH concentrations for 30 min of reaction time. The best ethanol yields of 20.3, 26.1, 20.6 mg/mL were achieved when WMB was treated with 2.0% NaOH for 20, 30, and 40 min respectively (Fig. 3B-D) . The highest amount of ethanol was obtained at 26.1 mg/mL, and increased by 95.3 and 22.5% as compared to the aerobic and anaerobic conditions respectively during pretreatment with 2.0% NaOH for 30 min. Under the anaerobic condition, ethanol fermentation was enhanced by the addition of 0.4 mmol benzoic acid. This result was also found in previous work in 45) using switch grass treated with NaOH under similar conditions. Therefore, under anaerobic conditions, supplementation with benzoic acid was a much more effective treatment than the others. Finally, the best results were achieved when pretreatment with WMB sample was carried out at 2.0% NaOH for 30 min.
S. cerevisiae exhibits a higher adaptive tolerance in the presence of benzoic acid. Therefore cells are very permeable to the undissociated form of benzoic acid and other weak-acid type preservatives, but are commonly impermeable to anions. For cells in an acidic medium, this leads to an accumulation of high levels of preservative anions and a transient reduction in intracellular pH (pH i ) but cells already adapted to benzoate have an induced transport system for benzoate anion. 46) At lower external benzoic acid concentrations (<0:5 mmol), benzoate accumulation was much lower than the expected equilibrium conditions, hence the membrane was permeable to undissociated benzoic acid but not to anions. The uptake at 0.5 mmol benzoic acid was only one-sixth of the measured pH i of 6.5. S. cerevisiae responded to the above energy demand with an increased fermentation rate, and the cells kept both ATP levels and pH i relatively high. 46) Warth AD found that the growth rate was reduced due to a low content of benzoate, but at higher benzoic acid concentrations, fermentation was inhibited, leading to marked declines in both ATP levels and pH i and a relatively sharp increase in benzoate accumulation. At these high benzoic acid concentrations, growth was fully inhibited but the cells did not die rapidly. pH i was reduced but remained considerably higher than that of the external medium. Above state is similar to that of cells incubated without glucose, and indicates that similar homeostatic mechanisms for survival may be at work. 47) In the presence of high benzoic acid concentrations, the inhibition of fermentation did not appear to be due to lowered pH. Therefore, benzoic acid at low concentrations (up to 0.4 mmol) stimulated ethanol production. 47) In accordance with these findings, we also found an increase in ethanol production using low level of benzoic acid.
Dilute alkali hydrolysis (2.0% NaOH) at 30 min was the most efficient pretreatment for enhancing enzymatic saccharification on WMB for glucose yield. Ethanol fermentation was also enhanced by adding low concentration of 0.4 mmol benzoic acid under anaerobic conditions. This procedure can be used as an alternative sustainable waste management option to make it profitable. This study demonstrates the feasibility of this method of ethanol production. 
